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A B S T R A C T
The earthquake in Van Province took place at 13.41 (with local time, GMT+3) on October 23,
2011 with a magnitude of 7.2 in Turkey. The earthquake with an approximate rupture
duration of 50 s occurred at 43.36 Eastern longitude and 38.75 Northern latitude at a depth
of 10–15 km below the surface of the earth, triggering an average displacement of 2 m in
Northeast–Southwest direction. With Van’s Erciş Town constituting the epicenter, the
earthquake was felt in the city center and surrounding villages, along with the nearby
provinces of Erzurum, Agrı, Mardin, Diyarbakır, Muş, Bitlis, Igdır, Kars, Batman, Siirt and
their respective towns. According to the data released by Republic of Turkey, Ministry of
Environment and Urban Planning, 2288 buildings fully collapsed as a result of the
earthquake. Analyzing the structural characteristics of the region, it is observed that urban
centers are dominated by RC buildings, while mostly adobe structures prevail in the rural
areas. The on-site technical investigations revealed that the damages were caused mostly
by faulty concrete production, defects in reinforcement details and the poor quality of
workmanship. In the study, impacts of the mentioned earthquake on the structures in the
region and the underlying reasons were analyzed, and a number of recommendations were
provided to prevent the repetition of similar ﬂaws.
ã 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction
Turkey is located in a geography constituting of the Northern Anatolia, Western Anatolia and Northeastern Anatolia fault
lines, whereby over 80% of her land territory is exposed to seismic risks (Fig. 1). This situation entails that the new
constructions are designed and produced with strong resistance to earthquake, in addition to controlling the seismic
performance of existing structures and taking precautions where necessary. The concrete production ﬂaws frequently
encountered in especially those structures built in advance of the Kocaeli earthquake in 1999, as well as erroneous
reinforcement details and poor quality of workmanship, renders earthquake safety in such structures highly doubtful.
Additionally, defects in the construction details of the traditional structures in rural regions culminate in the inﬂiction of
heavy of damages and sometimes collapsing even in the face of medium sized earthquakes.
The vicinity of Van is a region of intense seismic activity. The catchment basin of Lake Van is situated between Karlıova
Junction, where the North and East Anatolian fault lines intersect, and the Southeastern Anatolia overthrust (Fig. 2).
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E. Damcı et al. / Case Studies in Construction Materials 3 (2015) 112–131 113dditionally, the seismicity of the region is redounded by the fact that it is located on a transition fault zone which
ncompasses the Çaldıran and Erciş fault lines with high seismic activities (Özvan et al., 2009).
Fig. 1. Major tectonic elements of Turkey (Barka and Kadinksy-Cade, 1988).
able 1
igniﬁcant earthquakes that stroke Van and its vicinities since 1902 (Binici, 2007).
Date Location Magnitude Life loss Collapsed buildings
10.09.1941 Erciş (Van) 5.9 192 600
20.11.1945 Çatak (Van) 5.8 – –
16.07.1972 Erciş (Van) 5.2 – –
24.11.1976 Çaldıran (Van) 7.5 3840 9232
20.01.1977 Erciş (Van) 5.1 – –
Fig. 2. Fault map for the vicinity of Van Region (Active Fault Map of Turkey, 2015).
114 E. Damcı et al. / Case Studies in Construction Materials 3 (2015) 112–131All earthquakes with a magnitude above 5 that shook Van within the past century are presented in Table 1. It is seen that
the historical and instrumental records show that earthquakes above this threshold occurred in this region and that the
period of those earthquakes is between 30 and 35 years.
On October 23rd, 2011, an earthquake of magnitude 7.2 stroked Van at 13.41 (GMT+3) local time. The Rupture duration
was approximately 50 s, which occurred at 43.36 Easter longitude and 38.75 Northern latitude at a depth of 10–15 km below
the surface of the earth, causing a displacement of 2 m by moving along the direction of Northeast–Southwest. No traces of
fault breaks were encountered in this earthquake, which displayed reverse faulting characteristics (KOERI, 2011). However,
surface cracks emerged in some regions due to landslides (Fig. 3).
A total of 2288 buildings fully collapsed due to the earthquake whose epicenter was the town of Ercis in Van, but was also
felt in the city center and the surrounding villages, along with the neighboring provinces and towns of Erzurum, Agrı, Mardin,
Diyarbakır, Muş, Bitlis, Igdır, Kars, Batman, and Siirt. According to the data released by Republic of Turkey, Prime Ministry,
Disaster and Emergency Management Presidency, 604 lives were lost while 4152 people were wounded. The arising damages
and collapses were concentrated in reinforced concrete buildings in the cities and masonry buildings in villages. In general,
Fig. 3. Surface cracks resulting from the landslide in Halkalı village.Fig. 4. Intensity distribution of the earthquake (KOERI, 2011).
th
ﬂ
fa
m
e
e
2
th
o
a
e
1
fo
p
m
G
3
o
d
(2
a
a
F
E. Damcı et al. / Case Studies in Construction Materials 3 (2015) 112–131 115e damages observed after the earthquake were determined to be related to the poor quality of concrete materials, and
aws in reinforcement details associated with workmanship defects in reinforced concrete buildings; while construction
ults and inadequate in-plane stiffness of slabs were the main factors in masonry buildings (Damcı et al., 2011). The
entioned damages belonging to the reinforced concrete structures share similar characteristics with the recent major
arthquakes in Turkey, namely Kocaeli and Düzce—1999, Afyon—2002, Bingöl—2003 and Elazıg—2010 (Binici, 2007; Kaplan
t al., 2004; Çatal, 1995; Dogangün, 2004; Damcı et al., 2002; Celep et al., 2011; Scawthorn and Johnson, 2000).
In this study, the types of damages inﬂicted by the earthquake in Van and the underlying factors were investigated.
. Ground motions and response spectra
According to the data provided by Bogaziçi University, Kandilli Observatory and Earthquake Research Institute (KOERI),
e epicenter of Van Earthquake on October 23rd, 2011 is 43.36 Eastern longitude and 38.75 Northern latitude, which
ccurred at a depth of 10–15 km below the ground surface (KOERI, 2011). The earthquake impacted Lake Van and its vicinities
t various intensity levels, with VIII being the strongest intensity (Fig. 4).
The three component of acceleration records obtained by Muradiye Station (station no. 6503) situated at 49.1 km from the
picenter of the earthquake are as shown in Fig. 5. The maximum acceleration levels were measured (raw data) as N-S
78.5 gal, E-S 168.5 gal and U-D 75.5 gal from these records.
In Fig. 6, the variation in horizontal and vertical spectral acceleration components with respect to the period were given
r damping ratios of 2%, 5%, 10% and 20%. It is inferred that the earthquake was impactful on structures with a fundamental
eriod of up to 0.7 s. Analyzing the elastic response spectra scaled at all three directions, the ratio of horizontal ground
otions to the vertical ground motions was calculated as 2.75 for a damping period of 5%.
Comparison of the unprocessed PGA’s with the Next Generation Attenuation Ground-Motion Prediction Equation’s (NGA
MPE’s), is given in Fig. 7. From the ﬁgure, it was realized that PGA values calculated with GMPE’s methods in distance of
0 km and higher distant to earthquake epicenter and the earthquake records taken in stations are almost same of each
ther. There are not any earthquake records within the region having 30 km distance to earthquake epicenter and where the
amage is intensive. Distances were calculated based on earthquake epicenter coordinates which were presented by KOERI
011) (Erdik et al., 2012). Acceleration records that are closest to earthquake epicenter were taken from Muradiye (46 km)
nd Bitlis (116 km) stations (AFAD, 2011).
As of 8th of November, 2011, a total of 2243 aftershocks took place, where 7 of them had a magnitude above 5.0, 104 had
bove 4.0, and 2132 had below 4.0. In Table 2, details of the 7 aftershocks with a magnitude of 5.0 or greater are shown.
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116 E. Damcı et al. / Case Studies in Construction Materials 3 (2015) 112–1313. Housing characteristics of the disaster region (urban, rural)
As a consequence of the socio-economic structure of the region, the building stock in the city and town centers of Van
Province is generally constituted of reinforced concrete structures; whereas the rural areas are dominated by single-storey
buildings whose structural system is built either by adobe, concrete block or stone (Table 3). Nevertheless, the general
housing characteristic in the province of Van is mostly comprised of masonry construction (Figs. 8–11).
The reason for the preference towards masonry structures is that traditional construction style is adopted in the region as
a whole, in addition to economic insufﬁciencies. Thereby, it was observed that concrete blocks were used more prevalently
Fig. 6. Spectral acceleration values for the Van Earthquake.Fig. 7. Comparison of recorded ground motion PGAs with NGA GMPEs (Erdik et al., 2012).
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E. Damcı et al. / Case Studies in Construction Materials 3 (2015) 112–131 117ompared to other materials in relatively recently constructed masonry buildings in rural areas. Another reason for the
idespread utilization of concrete block might be the presence of concrete industry in the region and the associated ease of
upply for the material.
It was determined from the observations that round steel rebars and concrete prepared by naturally obtained aggregate
ere mostly utilized in old RC frame buildings in city and town centers, while newer buildings employed ribbed steel rebars
nd ready-mixed concrete. The fact that concrete production was carried out by hand labor in the old RC buildings which are
ade of raw aggregate with cobble materials caused the quality of the concrete to remain below the required level. For
stance, the technical investigation report published by ITU (_ITÜ, 2011) determined the concrete class in a public building
esigned as C18 was actually possessed a mean strength of 15 MPa with a standard deviation 4.5 MPa, which corresponded to
e characteristics of C8 concrete.
. Field investigations: types of damages and causes
The investigations on the buildings impacted by the earthquake in Erciş district of Van Province showed that the damaged
uildings generally constituted of low quality concrete, defective reinforcement detailing and poor quality of workmanship.
able 4 presents the number of people who lost their lives or were wounded as well as information pertaining to the
ollapsed buildings in the city center of Van and Erciş district, which were most severely damaged by the earthquake
_TÜ, 2011).
able 2
he aftershocks with a magnitude of 5.0 or greater that occurred in Van (Özvan et al., 2009).
Date/Time Latitude Longitude Depth Magnitude(MI) Location
25 Oct. 2011/17.55 38.8292 43.5943 18.28 5.5 Van
24 Oct. 2011/11.49 38.7223 43.5568 3.38 5.0 Van
23 Oct. 2011/23.45 38.6447 43.1275 6.79 5.8 Van Lake
23 Oct. 2011 / 22.06 38.7177 43.3588 28.53 5.0 Van
23 Oct. 2011/21.10 38.6472 43.1200 17.09 5.0 Van Lake
23 Oct. 2011/14.32 38.7843 43.3722 22.33 5.5 Van
23 Oct. 2011/13.56 38.7825 43.3633 19.92 5.8 Van
Table 3
Distribution of the entire building stock of Van Province (including villages) with respect to type of structure (Celep et al., 2011).
Van (Total) Erciş Center
Number of buildings 78.000 10.700 35.200
Reinforced concrete 12.7% 27% 5%
Unreinforced masonry 75% 63% 82%
Adobe 9.5% 8% 9%
Rubble stone 2.8% 2% 4%Fig. 8. The structure formation in center of Erciş county.
118 E. Damcı et al. / Case Studies in Construction Materials 3 (2015) 112–131As can be seen, a total of 2288 buildings collapsed, among which a signiﬁcant portion belong to single-storey masonry
buildings in rural regions. The number of total collapsed buildings corresponds to 5% of the 45,900 buildings which
constitute the entire building stock in Erciş district and the central areas of Van. In the Fig. 12, different types of damages for
RC and masonry buildings can be seen.
4.1. RC buildings
Damaged buildings in the district of Erciş are concentrated in Vanyolu Avenue, Kışla Avenue and Alkanat, Tekevler, Tugay
and Zeylan avenues at the town center. A large portion of the collapsed buildings are in a state of totally collapse. It was
observed from many of the heavily damaged buildings that the ﬁrst two ﬂoors above the ground level were generally
wrecked and partially collapsed, thereby posing a high level of danger. It was also seen that only a few mezzanine ﬂoors
Fig. 9. A view of the masonry buildings in the village of Derebey.Fig. 10. School building. A type of stone masonry in the village of Dagönü.
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E. Damcı et al. / Case Studies in Construction Materials 3 (2015) 112–131 119ollapsed in some buildings. It was found that the gable and facade walls as well as minarets that were built in improper
onstructional rules caused damages in their surroundings and threatened life and property safety due to tumbling.
.1.1. Concrete production defects
It was determined that the aggregate obtained from streams used in RC components of damaged buildings neither
xhibited the required granulometry nor were properly processed. It was observed that cobble aggregate in the material
eached grain sizes of 100 mm and the grain geometries were mostly in ﬂat, oval or elliptical forms. One of the parameters
bout the size of the largest aggregate used in concrete must be less than the net concrete cover is given as a minimum of
5 mm in TBC 500. It was also determined that the stream aggregate included silt due to being unwashed, which in turn
educed the adherence between the aggregate grains and the concrete dough. This situation induced the damage in concrete
 occur in the form of segregation rather than fracturing. In addition to this, pieces of clay lumps were found in concrete of
ome collapsed buildings. Thereby, it can be inferred that quality standards were not adhered to in concrete production and
ngineering services were not provided (Figs. 13–16).
.1.2. Rebar defects
It was observed that round steel rebars (St220) were commonly used in the collapsed RC buildings in Erciş district. It was
etermined that the hook details, which are among the most fundamental details in the rebars employed, were not built in
greement with the Turkish Standards (TS-500, 2001 and TEC-2007, 2007) or never implemented in some cases. Another
ajor factor that caused the loss of load-carrying capacity especially in columns of the buildings which exhibit this defect is
e slipping of longitudinal reinforcing bars. It was also found that the anchorage and lap splice lengths were not properly
ken care of in the newer structures where ribbed bars were utilized. It is inferred from the damage types that the stirrups
hich provide the shear safety in structural system elements were not used more densely in columns, beam and joints as
rojected; and that the stirrup connection details and formations were faulty as a result of which the structural elements did
ot possess adequate ductility. No damage was attributed to the rebar yield in the structural elements due to the poor quality
f concrete and faulty rebar details. Furthermore, any damages associated with corrosion of rebars were also not determined
igs. 17 and 18).
Fig. 11. Concrete block masonry building in the village of Derebey.
Table 4
The statement of human losses and collapsed building in the earthquake.
Location Life loss Injured Collapsed buildings
Center 61 350 6
Erciş 477 750 85
Others 66 3052 2197
Total 604 4152 2288
120 E. Damcı et al. / Case Studies in Construction Materials 3 (2015) 112–1314.1.3. Workmanship defects
Another important reason for the damages incurred by the RC buildings is workmanship defects. It is understood that
granulometry of the handmade concretes was not in compliance with the standards since the aggregate utilized in them was
not sieved. Also the compaction process was not properly implemented in general in the installment of concrete in RC
buildings. This situation resulted in the concrete to exhibit an excessively porous structure. The most fundamental rules of
thumb of construction, namely concrete cover, was not taken care of in formwork workmanship. Faults in the connections of
stirrups to the longitudinal bars, unstaggered formation of stirrup hooks in beams and columns, the perpendicular angles
of the hooks, inadequately anchorage lengths of the stirrup hooks and longitudinal bars, and the use of cold joints were the
other frequently encountered workmanship defects (Figs. 19–22).
Fig. 12. Failure situations regarding different building types. Totally and partially collapsed RC buildings in Erciş (a–d), a collapsed RC school building in
Gedikbulak (e,f), collapsed adobe buildings in Dagönü (g,h).
Fig. 13. Defects of granulometry distribution in concrete material shear wall (left), RC column (right).
Fig. 14. Out of standard aggregate materials, Gedikbulak (left), Center Erciş county (middle, right).
Fig. 15. Alteration, lack of adherence between aggregate and concrete.
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Fig. 16. Lump of clay in a concrete block taken from Gedikbulak Elementary School.
Fig. 17. The lack of adherence length, inaccurate rebar detailing, insufﬁcient conﬁnement, slipping of reinforcement in RC column (Center of Erciş county).
Fig. 18. Improper hook detailing in stirrups.
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At the investigated site, damages related to a variety of other design and construction defects were also encountered,
hich can be summarized as below:
 Tumbling of minarets and chimneys (Fig. 23).
 Out-of-plane tumbling of gable and facade walls (Figs. 24 and 25).
 Tumbling of garden and sustaining walls (Fig. 26).
Fig. 19. Different concrete materials in a RC column produced in two stages (left), Segregation in RC elements (right).
Fig. 20. Non-proper granulometry and over porosity in a RC column (Gedikbulak Elementary School).
124 E. Damcı et al. / Case Studies in Construction Materials 3 (2015) 112–131 Storey collapses related to inadequate strength among adjacent storeys (Fig. 27).
 Damages and collapses related to strong beam-weak column problem (Fig. 28).
 Damages related to the selection of wrong structural system on a frame construction (Fig. 29).
4.2. Masonry structures
The masonry structures affected by the earthquake are generally single-storey buildings, in which adobe is the main
construction material, followed by concrete block and natural stone. Adobe mortar was widely used as a joining mortar in the
masonry buildings constructed from the three building materials in question (Fig. 30).
In accordance with the observations conducted in the villages of Güvençli, Dagönü, Alaköy, Gedikbulak (Canik), Yaylıyaka
(Adır), Halkalı and Derebey, which constituted the ﬁeld of investigation, a major portion of the mostly single-storey adobe
buildings that were constructed in the traditional style entirely collapsed. The primary reasons for collapsing in adobe
buildings can be listed as the absence of masonry beams and columns which would maintain the out-of-plane rigidity of the
walls, and the inadequacy of in-plane rigidity of the ﬂoors which connects the walls to each other (Fig. 31).
In addition to construction defects, the impact of excessive loading induced by the thick layer of mud used in the
structures’ roofs can also be held accountable. The observations also showed that the masonry mortar used in the masonry
buildings constructed with the traditional methods did not exhibit sufﬁcient binder property. The construction details and
block sizes of existing masonry structures in the region (Table 5) were also found to be incompliant with the current
standards in Turkey concerning masonry structures (TS-2514, 1977; TS-2515, 1985) (Fig. 32).
Fig. 21. Unsuitable concrete cover and adherence problem by virtue of unsuitable spacing of longitudinal rebars.
Fig. 22. The samples of cold joint defect, village of Gedikbulak (left), center of Erciş county (right).
Fig. 24. Overturned roof gable walls in Erciş (left gable wall is 30 m in length).
Fig. 25. Overturned roof exterior walls in public buildings in Van Province.
Fig. 23. Unreinforced masonry minarets ((a, b) Erciş, (c) Gedikbulak, (d) Alaköy).
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126 E. Damcı et al. / Case Studies in Construction Materials 3 (2015) 112–131The housing characteristics of rural areas showed that in the masonry structures built from concrete block, which is a
relatively new building material compared to adobe, fundamentals of construction were not adhered to; such as failure to
use masonry beams and columns, the absence of structural elements and details that would prevent out-of-plan motion of
large-span walls. Due to these reasons, the damages were mostly induced by the out-of-plane tumbling of walls (Fig. 33).
Despite the adequate thicknesses of walls, the primary factors underlying the damages in the masonry buildings in rural
areas built from natural stone could be listed as the failure to employ beams and the use of adobe as the masonry mortar in
especially old buildings (Fig. 34). It was also seen that the qualities of neither mortar nor workmanship complied with the
basic techniques of production in the stone buildings where cement mortar was used (Fig. 35).
5. Conclusion and suggestions
In the earthquake that stroke Van on 23rd of October, 2011 at 13.41 (GMT+3) local time and had a magnitude of 7.2 by
Richter scale, 604 people lost their lives according to the ofﬁcial records and about 5% of the entire building stock collapsed.
Fig. 26. Damages of garden walls (Village of Güvençli).Fig. 27. The collapse of intermediate ﬂoor (Center of Erciş county).
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E. Damcı et al. / Case Studies in Construction Materials 3 (2015) 112–131 127The common reasons for collapsed or damaged RC buildings can be summarized as non-standard concrete production,
ulty rebar detailing and workmanship defects.
 As examples of the defects in concrete production; stream aggregate which is supposed to be an industrial product was
directly obtained from the nature and then utilized in cement production without any processing. Hence, it was found that
this aggregate, which could not be expected to comply with the standards, had grain sizes reaching up to 100 mm, in
addition to comprising of ﬂat and elliptical shaped cobbles and exhibiting improper granulometry. Besides, the aggregate
Fig. 28. Damage patterns of strong beam-weak column.
Fig. 29. Damages due to preference of incompatible structural systems.
128 E. Damcı et al. / Case Studies in Construction Materials 3 (2015) 112–131also included silt as a consequence of being unwashed and it was seen that this situation reduced the adherence of
concrete.
 The determined rebar defects could be listed as the negligence of proper anchorage and lap splice lengths, the failure to
employ stirrups more densely as well as the failure to implement the connection details and formation as set forth by the
standards in a way that would maintain the ductility of structural elements.
 As a result of both the concrete quality being below the desired level and the defects in rebar details, no damage associated
with rebar failures in joint areas in collapsed buildings could be encountered. The damages were rather caused by the
crushing of concrete and reinforcing bar slip. Thereby, the fully or partially collapsed buildings were unable to demonstrate
a ductile behavior.
 Another issue determined in the buildings is the defects in workmanship. The most commonly encountered defects could
be listed as the failure to implement compaction and installation processes in concretes, improper application of concrete
cover, inducing the formation of cold joints in concrete casting, and ﬁnally failing to implement the stirrups and
longitudinal rebars in compliance with the standards.
 The stone minarets tumbled due to the earthquake shocks since they did not possess the details that would convey the
tensile stresses arising in their trunks. In addition, collapses also occurred to incompliance with the required rules in the
construction of residence chimneys, and gable and facade walls.
Fig. 30. Concrete block and adobe mortar (left), stone and adobe mortar (right).
Fig. 31. Totally collapsed unreinforced adobe buildings in villages, Dagönü (left) and Yaylıyaka (right).
Table 5
Adobe block classiﬁcations in Turkish Standard 2514 (TS-2514, 1977).
Class Dimensions
(cm)
Volume
(dm3)
Approx. weight
(N)
I 12  19  40 9.12 100–120 (minor)
II 12  30  40 14.40 150–250 (major)
III 12  18  30 6.48 70–110 (minor)
IV 12  25  30 9.00 100–150 (major)
Fig. 32. Photographs of adobe blocks (major, minor).
Fig. 33. Damages in concrete block masonry buildings.
Fig. 34. Collapsed natural stone masonry buildings in Yaylıyaka. Usage of adobe mortar (left), absent masonry beams (right).
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130 E. Damcı et al. / Case Studies in Construction Materials 3 (2015) 112–131A large portion of the damages in rural areas resulted from the construction and production defects associated with the
housing culture and socio-economic reasons. It was seen that the proportion of fully collapsed buildings reached 80% in some
villages. In this context, the earthquake related collapses could be attributed to the reasons below:
 The absence of lateral and vertical components in the masonry structures built in light of the traditional construction
habits rather than technical expertise in line with the housing culture; the absence of structural elements that would boost
the out-of-plane rigidity of walls. And ﬁnally poor strength of the structures against lateral loads since the structural
elements was not produced in conformity with the standards.
 The limited area of application for modern construction techniques and building materials in rural areas due to
socio-economic reasons.
 Unrestrained (without building supervision) housing in the villages.
Among the factors stated above, the most fundamental reason for the problems is the lack of sufﬁcient engineering
services in project development and construction processes, as well as inadequate level of control and regulation. Provision
of engineering services at every stage, employing quality assured ready-mixed concrete, holding all employees who
participated in the project development and construction processes liable to certiﬁcation, and ﬁnally a well functioning
building supervision system will prevent to a large extent the emergence of problems in question. Assessment of the current
states of the existing buildings must be conducted on a per-building basis, in addition to determining their structural safety
against earthquake, after which the ﬂawed structures must be strengthened. In order to correct the faulty construction
habits in the villages, public awareness should be raised with respect to modern construction techniques and thus new
structures compliant with the standards and regulations are built. In this context, seismic performance of the new structures
should be targeted to meet the expected level.
All defects that caused the Van earthquake display great similarities to the defects determined in the damaged buildings
in the Bingöl earthquake on May 1th, 2003 and Elazıg (Palu & Kovancılar) earthquake on March 8th, 2010. In this regard, it is
inferred that the aforementioned problems are not unique to the disaster region of Van, but rather they are widespread
through Turkey. Consequently, these suggestions are valid not only for Van region but the whole of Turkey.
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